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GLASSMELTING METHOD WITH REDUCED
NOX GENERATION

TECHNICAL FIELD

This invention relates generally to the field of glass-
making and more particularly to the step in the glass-

making process wherein glass forming materials are
melted.

BACKGROUND ART

A conventional glassmelting furnace employs air-
fired burners to melt the glass forming materials. Be-
cause of the very high temperatures required to melt the
glass forming materials, a glassmelting furnace operates
at temperatures which are among the highest of all
industrial furnaces. These high operating temperatures
cause a large amount of the heat produced by the burn-
ers to be lost up the flue. Typically only about 15 to 20
percent of the energy produced by the burners is avail-
able to the glassmelting furnace as useful heat when the
burners are fired with ambient air and natural gas.

Those skilled in the art have addressed this problem
by passing the flue gases from the glassmelting furnace
in indirect heat exchange with incoming air to preheat
the air and thus transfer heat, which otherwise would
“have escaped up the flue, back to the glassmelting fur-
nace. These heat exchangers, known in the art as regen-

erators, significantly raise the efficiency of commercial
air-fired glassmelting furnaces.

Nitrogen oxides, known as NOy, are considered to be
detrimental environmental poilutants and the reduction
of NOx emissions is an increasingly important goal. The
convenitonal air-fired glassmelting process is a signifi-
‘cant generator of NOy for two reasons. First, nearly 80
percent of air is nitrogen thus bringing significant
amounts of nitrogen into the combustion process for the
" formation of NOx. Second, the high temperatures re-
quired for the glassmelting operation kinetically favor
the formation of NO,.

It is known that the thermal efficiency of the glass-
melting step can be increased by the use of oxygen or
oxygen-enriched air as the oxidant. Moreover, the use
of oxygen or oxygen-enriched air reduces the amount of
nitrogen which is present in the combustion zone. How-
ever, the substitution of oxygen or oxygen-enriched air
in place of air will cause the combustion reaction to
proceed at a higher temperature which kinetically fa-
vors the formation of NO,. In addition, the cost of
oxygen often makes glassmelting using oxygen as the
oxidant more expensive than a conventional system
using air as the oxidant, despite the increased thermal
efficiency attainable with oxygen.

Accordingly, it 1s an object of this invention to pro-
vide a glassmelting method having high efficiency
while achieving reduced NOx generation.

SUMMARY OF THE INVENTION

The above and other objects which will become ap-
parent to one skilled in the art are attained by the pres-
ent invention which is:

A method for melting glass forming materials com-
prising:

(A) heating glass forming materials in a Preheating
vessel;

- (B) passing heated glass forming materials from the

preheating vessel into a melting vessel;
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(C) combusting fuel and oxidant having an oxygen
concentration of at least 30 percent, at a peak flame
temperature less than 4000° F, to produce hot combus-
tion products and to provide heat to the melting vessel
to melt the heated glass forming materials;

(D) passing hot combustion products from the melt-
ing vessel into the preheating vessel to carry out the
heating of step (A); and

(E) discharging combustion products from the pre-
heating vessel.

As used herein the term “peak flame temperature”
means the highest local gas temperature in the flame
region.

BRIEF DESCRIPTION OF THE DRAWING

The sole Figure is a cross-sectional view of one pre-
ferred embodiment of the present invention.

DETAILED DESCRIPTION

The invention will be described in detaill with refer-
ence to the Drawing. Referring now to the Figure, glass
forming materials 1 are provided into preheating vessel
or zone 2. Glass forming materials typically include one
or more materials such as sand, soda ash, limestone,
dolomite, rouge, and cullet or scrap glass. In one pre-
ferred embodiment of the invention the glass forming
materials provided into the preheating zone comprise
only materials, such as sand, having a sintering tempera-
ture greater than 2000° F. The other glass forming ma-
terials are provided directly to the melting vessel. In
this way sintering of materials in the preheating vessel 1s
prevented.

In the preheating vessel the glass forming materials
are heated to a temperature of at least 500° F. and are
generally heated to a temperature within the range of
from 700° to 2000° F. The heated glass forming materi-
als 3 are then passed into melting vessel or zone 4 which
is equipped with one or more burners which use techni-
cally pure oxygen having an oxygen concentration of at
least 99.5 percent, oxidant containing less than 10 per-
cent nitrogen, or oxygen-enriched air having an oxygen
concentration of at least 30 percent as the oxidant.
Technically pure oxygen is the preferred oxidant be-
cause when technically pure oxygen is used as the oxi-
dant there is substantially no nitrogen brought with the
oxidant into the glassmelting vessel during the combus-
tton which can form NO,. However, even with techni-
cally pure oxygen some nitrogen from infiltrating air
will be present in the combustion zone. In the embodi-
ment 1llustrated in the Figure, three such burners 5 are
shown placed approximately equispaced along the
length of melting vessel 4 from its charging end 6 to its
discharging end 7. A preferred burner is the burner
known in the art as the “A” Burner which is described
and claimed in U.S. Pat. No. 4,378,205-Anderson and
U.S. Pat. No. 4,541,796-Anderson. Burners 5 may use
any suifable fuel among which one can name natural
gas, propane, light oils and heavy oils.

The fuel and oxidant i1s combusted at a peak flame
temperature less than 4000° F. and generally within the
range of from 3000° to 3800° F. The peak flame temper-
ature may be maintained lower than the adiabatic flame
temperature and less than 4000° F. by a number of meth-
ods. For example, furnace gas including combustion
reaction products may be aspirated into the flame re-
gion. Flue gases may be recycled .and mixed with oxi-
dant. Yet another method employs fuel-rich combus-
tion. Two or more temperature limiting methods may
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be employed simultaneously. The preferred peak flame
temperature limiting method is the aspiration of furnace
gases into the flame region.

The use of oxygen or oxygen-enriched atr reduces the

amount of nitrogen present which can form NO, and
the low peak flame temperature reduces the Kkinetic

driving force toward NO, formation.

The combustion in the melting vessel provides heat to
melt the heated glass forming materials and the molten
materials 8 pass out of the melting vessel through exit 9
for further processing. The combustion also produces
hot combustion products within the melting vessel.
These hot combustion products typically include water
vapor, carbon dioxide, oxygen and nitrogen.

The hot combustion products are passed from melt-
ing vessel 4 into preheating vessel 2 to carry out the
aforedescribed heating of the glass forming materials by
direct contact with the glass forming materials. Al-
though the Figure illustrates a rotary kiln as preheating
vessel 2, any other suitable preheating vessel, such as a
moving belt furnace, a particulate suspension heating
furnace, a moving bed heat exchanger, and a fluidized
bed heating furnace, may be used. A connecting passage
between preheating vessel 2 and melting vessel 4 ena-
bles the feeding of preheated glass forming materials
~ into the melting vessel from the preheating vessel.
Moreover it is Preferred that there be a physical barrier
within the connecting passage to limit the direct radia-
tive heat exchange between the melting vessel and the
preheating vessel. Hot combustion products are passed
from melting vessel 4 into preheating vessel 2, prefera-
bly through the connecting passage in countercurrent
flow with the preheated glass forming materials, and
thus in direct contact with the preheated glass forming
materials flowing from preheating vessel 2 to melting
vessel 4.

The Figure illustrates a particularly preferred em-
bodiment of the invention wherein separate burner 11 1s
used to combust fuel and air to provide additional com-
bustion products into preheating vessel 2 to assist in the
carrying out of the heating of the glass forming materi-
als. Burner 11 may use any of the fuels described for use
with burners § and, as mentioned, employs air as the
oxidant. Since the preheating vessel operates at a tem-
perature substantially below that of the melting vessel,
and since the flue gas temperature leaving the preheat-
ing vessel is generally less than 1500° F., air may be
advantageously employed here as the oxidant thus re-
ducing the overall oxygen requirement. |

The combustion products are discharged from pre-
heating vessel 2 through discharge flue 10, generally at
a temperature less than 1500° F., preferably at a temper-
ature less than 1000° F., and having low NOyx emissions.
NOx emissions of as little as 0.1 1b. NOy, or less per
million BTU fired is attainable by use of the method of
this invention.

The following Examples are provided for illustrative
purposes and are not intended to be limiting.

EXAMPLE 1

A batch of glass forming materials at a temperature of
70° F. is charged into a preheating vessel which is con-
nected to a melting vessel in an arrangement similar to
that illustrated in the Figure except that burner 9 is not
employed. “A” Burners are used with the melting ves-
sel. The batch is heated to 800° F. by contact with hot
combustion products from the melting vessel which are
produced by the combustion of natural gas with techni-
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cally pure oxygen at a peak flame temperature of 3500°
F. The heated batch is passed into the melting vessel
wherein it is melted. There is required 3.0 million BTU
of fuel per ton of glass to carry out the melting in the

melting vessel. The combustion products are dis-
charged from the preheating vessel at a temperature of

about 1000° F. NO, emissions from the process are less
than 0.3 Ib. of NOy per ton of glass forming materials
melted. In contrast, a conventional air-fired glassmelt-
ing furnace using regenerators requires about 5.0 mil-
lion BTU of fuel per ton of glass forming materials
melted and produces from 5 to 15 lbs. of NOy per ton of
glass forming materials melted. Accordingly, the mven-
tion enables a greater than 90 percent reduction in NOy
emissions while improving thermal efficiency over that
attainable with a conventional air-fired system.

EXAMPLE 2

A procedure similar to that described in Example 1 1s
carried out except that a burner combusting air and
natural gas is positioned to provide additional combus-
tion products to the preheating vessel for further heat-
ing of the batch. In this Example 2 the batch is heated to
a temperature of 1500° F. There is required 2.3 miilion
BTU of fuel per ton of glass to carry out the melting in
the melting vessel and 0.83 miilion BTU of fuel per ton
of glass to carry out the preheating in the preheating
vessel, while requiring less oxygen than is required in
Example 1. The combustion products are discharged
from the preheating vessel at a temperature of about
1000° F. and having NO, emissions of less than 0.3 1b.
per ton of glass forming materials melted.

COMPARATIVE EXAMPLE

For comparative purposes a batch similar to those
used in Examples 1 and 2 is melted without preheating.
The melting is carried out by combustion with techni-
cally pure oxygen and natural gas at a peak flame tem-
perature of 3500° F. There is required 3.7 million BTU
per ton of glass to carry out the melting in the melting
vessel and the combustion products are discharged
from the melting vessel at a temperature of about 2900°
F. and having NOy emissions of about 0.37 1b. per ton of
glass forming materials melted.

Now by the use of the method of this invention one
can carry out glassmelting at high efficiency and with
reduced NO, generation. Although the invention has
been described in detail with reference to certain em-
bodiments, it will be appreciated by those skilled in the
art that there are other embodiments of the invention
within the spirit and scope of the claims.

What is claimed i1s:

1. A method for melting glass forming materials com-
prising:

(A) heating glass forming materials in a preheating

vessel:

(B) passing heated glass forming materials from the
preheating vessel into a melting vessel;

(C) combusting fuel and oxidant having an oxygen
concentration of at least 30 percent, at a peak flame
temperature less than 4000° F., to produce hot
combustion products and to provide heat to the
melting vessel to melt the heated glass forming
materials, wherein the peak flame temperature is
maintained below 4000° F. by aspiration of com-
bustion products into the flame region;
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(D) passing hot combustion products from the melt-
ing vessel into the preheating vessel to carry out
the heating of step (A); and .

(E) discharging combustion products from the pre- 2
heating vessel.

2. The method of claim 1 wherein the glass forming
materials are heated in the preheating vessel to a tem-
perature of at least 500° F. 10

3. The method of claim 1 wherein the combustion of
step (C) 1s carried out with technically pure oxygen as
the oxidant.

4. The method of claim 1 further comprising com- 1)
busting fuel and air to provide additional combustion
products into the preheating vessel for the carrying out
of the heating of step (A).

5. The method of claim 1 wherein the combustion
- products are discharged from the preheating vessel at

temperature less than 1500° F.
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6. The method of claim 1 wherein the peak flame
temperature of the combustion of step (C) is within the
range of from 3000° to 3800° F.

7. The method of claim 1 wherein the glass forming
materials include scrap glass.

8. The method of claim 1 further comprising main-
taining the peak flame temperature below 4000° F. by
carrying out the combustion of fuel and oxidant in a
fuel-rich condition.

9. The method of claim 1 wherein hot combustion
products are passed from the melting vessel into the
preheating vessel in countercurrent flow with the
heated glass forming materials passing from the preheat-
ing vessel into the melting vessel.

10. The method of claim 1 wherein the glass forming
materials comprise only materials having a sintering
temperature greater than 2000° F.

11. The method of claim 1 wherein the oxidant com-
prises less than 10 percent nitrogen.

12. The method of claim 1 further comprising main-
taining the peak flame temperature below 4000° F. by

recycling flue gases into the oxidant.
*x x *x X ¥
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